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8 - ” **y s t r eng th  should be kept t o  a minimi>-m-, co2s i s t en t  r.~i,th t he  r e q : j . ~ r ~ ~ e ~ ~ ~  of 
bluntness.  In  addi t ion,  t he  shadowgraphs of reference 2 indicated the  
separa t ion  was more o r  less periodic in nature  sc! t h a t  shock motion r n i v h t  

r,,“,“i buffet  i n so fa r  as t h e  source of the  input  forces  causing buf fe t  is  C 3 i r P r t l T r  +J 

s) 3 . R 

As an extension of t h e  inves t iga t ion  of reference 2, add i t iona l  
wind-tunnel s t a t i c -p res su re  measurements were nade t o  inves t iga t e  the  
i n c i p i e n t  nature  of t h e  separat ion phenomena a t  Mach numbers near  c r i t i c a l .  

t h e  separated flow by applying suct ion l o c a l l y  near  the nose-bodv .juncture. 

”r; Tests were nade of the  effective1iess of removing boundary l a y e r  t o  cont ro l  a ?  

c r i t i c a l  p ressure  coe f f i c i en t  

cylindrical-body diameter 

f l a r e  base d i a n e t e r  

f ree-s tream Mach number 

c r i t i c a l  Mach nurber 

free-stream s t a t i c  pressure 

f ree-stream dynaniic pressure 

nose ord ina te  

Reynolds nmber  based on d 

d is tance  from nose-body juncture 

a i r  mass-flow r a t e  p e r  unit area 

angle of a t t ack  - 
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A nose thickness,  

A nose l eng th  

Y r a t i o  of s p e c i f i c  hea ts  

Subs c rip t 
i 

S s epara t lon  

MODELS, TESTS AND PRECISION 

Both models were of smooth Fiberglas cons t ruc t ion  with t h e  dimensions 
presented i n  f i g u r e  1. The model having a nose thickness T = 2 w a s  t h e  
same oblate-nosed cy l inde r - f l a r e  model of reference 2. For t h i s  invest i -  
ga t ion ,  t h i s  model has been designated t h e  
it from t h e  b l u n t e r  T = 4 model shown i n  f i g u r e  1. S ta t i c -p res su re  
o r i f i c e s  were i n s t a l l e d  f l u s h  with the model su r face  i n  the  upper ha l f  
of t h e  v e r t i c a l  plane of symmetry. 

T = 2 model t o  d i s t i n g u i s h  

The longitudinal.  pos i t i on  of the 
* o r i f i c e s  i s  given i n  t a b l e  I. 

.I. 

. I  

A l i m i t e d  mount  of suc t ion  was applied l o c a l l y  n e a r  t he  nose-body 
junc ture  of t he  
t r o l  t h e  separated flow. 
through two rows of holes.  
were used as shown i n  ske tch  ( a ) .  

T = 2 model t o  remove boundary-layer a i r  and thus con- 
As shown i n  ske tch  ( a ) ,  suc t ion  w a s  applied 

Two d i f f e r e n t  arrangements of these  holes 
b. tt. 

Each row contained 180 holes of 

r 
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db 0.1 40" 
b-- 2 . 2 8 0 "  
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fc- 2.280' '  

I 

A d j a c e n t  s p a c i n g  S e p a r a t e d  s p a c i n g  
Sketch ( a )  

I 

I 



'. 3/32-inch dimneter eyuiilly spaced around t.he c ixuunference of the model, 
t o  give ;? t o t a l  open area of 2.li8-T square inches. 
i n t e r n a l l y  and t h e  a i r  flowed through t h e  s t i n g  and a r e a r  s t r u t  t o  vacuum 
pimps e x t e r i o r  t o  the h n n e l  t e s t  sect ion.  ?"ne i n s t a l l a t i o n  f o r  t e s t s  
with suc t ion  i s  shown i n  f i g u r e  2. 

iiiodel vas sea led  
* 

The a i r  mass-flow r a t e s  thmugh the  holes and through t h e  t e s t  
s ec t ion  of t he  tunnel  a r e  given i n  f igu re  3. A s  shown i n  f i g u r e  3 , t h e  
mass f low through the  holes w a s  l e s s  than the  m a s s  f low through the  tunnel  
p e r  u n i t  a rea  and s ince  t h e  open area of t h e  holes  w a s  s m a l l  compared t o  
model c ross -sec t iona l  a rea ,  the  s i n k  e f f e c t  of removing a i r  by suc t ion  is 
bel ieved neg l ig ib l e .  Any e f f e c t s  observed, t he re fo re ,  are a t t r i b u t e d  
pr imar i ly  t o  boundary-layer contyol.  

bel ieved s m a l l  because the  appl icat ion of suc t ion  had neg l ig ib l e  e f f e c t  

Although the  l o c a l  e f f e c t  of t he  
proximity of suc t ion  holes t o  pressure o r i f i c e s  is not  known, it is  A 

i B on the  s t a t i c  pressure of t he  nearest  o r i f i c e  f o r  M = 0. 
%- 

The t e s t s  were conducted i n  the Ames 14-Foot Transonic Wind Tunnel 
a t  Mach numbers from 0.15 t o  0.94- 
diameter w a s  approximately as shown i n  f i g u r e  4. 
from about -4' t o  - t 2 O o .  
t h e  rear strut t o  the  s t i n g  and tunnel w a l l  r e s t r a ined  t h e  model a t  00 
angle of a t tack .  

The Reynolds number based on model 
The angle of a t t ack  was 

For t e s t s  with suc t ion ,  t h e  r i g i d  attachment of 
- 

Pressure measurements were made with mercury-in-glass manometers f o r  
Mach numbers 
ethane w a s  used. Pressure coe f f i c i en t s  a r e  believed p rec i se  within 50.020. 

g r e a t e r  than 0.50 while f o r  lower Mach numbers, tetrabromo- - 1  

The r e s u l t s  of reference 2 showed a t  0' angle of a t t a c k  t h e  flow of 
t h e  T = 2 oblate-nosed nodel vas separated a t  a s u p e r c r i t i c a l  Mach mun- 
b e r  of 0-60 wh&?*eas a t  a s u b c r i t i c a l  Mach number of 0.40 t he  flow was  
att,ached. Since separa t ion  w a s  occurring at a Mach number near  the c r i -  
t i c a l ,  it w a s  suggested i n  reference 2 t h a t  separa t ion  w a s  shock induced. 
However, separat ion a l t e r e d  the  flow t o  such an ex ten t  t h a t  t he  flow w a s  

In  onlei- t o  examine the  o r i g i n  of  the separated f low i n  g r e a t e r  d e t a i l ,  

# add i t iona l  t e s t s  were made at s u b c r i t i c a l  and s l i g h t l y  s u p e r c r i t i c a l  Mach 
nmb e rs I 

only s l i g h t l y  s u p e r c r i t i c a l  and the  presence of shocks bare ly  d iscern ib le .  I 
9 

.b 

4 
2". 4 

pressure  d i s t r i b u t i o n  are presented in  f igu res  5 and 6, respect ively,  
Peak negative pressure coe f f i c i en t s  and separat ion boundaries obtained 

4 from these  d a t a ,  refei'ence 2 ,  and data  with suc t ion  (to be Dvpspnt.pii 



- 
l a t e r )  a r e  p l o t t e d  i n  f i g u r e  7 as a func t ion  of Mach number. 
separa t ion  boundaries shown i n  f igure 7 r-cprcsent the peak negat ive 
pressure  c o e f f i c i e n t  achieved before flow separa t ion  ensued. 

The 
- +  

A t  Oo angle of a t t a c k  and 0.50 Mach nurriDer, the  f low w a s  s l i g h t l y  
supercr i t ica l .  as ind ica ted  by f igure  7, and although weak shocks are 
v i s i b l e  near  t he  nose-body juncture  i n  f i g u r e  5(  a), t he  f low remained 
a t tached .  A t  t h i s  Mach number, observations of t he  f low during the  t e s t  
ind ica ted  l o c a l  shock s t r eng th  w a s  increased bjr e i t h e r  increas ing  angle 
of a t t a c k  a t  constant  Mach number o r  increas ing  Mach n m b e r  a t  constant  
angle of a t t a c k .  I n  e i t h e r  case the f low separated when shock s t r eng th  
w a s  s u f f i c i e n t l y  increased,  c rea t ing  a new s t a b l e  f low f o r  which weak 
shocks were bare ly  d i sce rn ib l e .  Sone ind ica t ion  of t h e  e f f e c t  observed 
of increas ing  Mach number on shock s t rength  with t h e  flow remaining 
at tached can be obtained by comparing the  shadowgraph of f i g u r e  5(a)  a t  
0.30 Mach number with t h a t  o f  f i gu re  l O ( a )  a t  0.60 Mach nuxber with suc t ion  
applied.  

Figure 7 shows t h e  angle of a t tack and t h e  peak negat ive pressure  
c o e f f i c i e n t  f o r  which separa t ion  occurred increased with increas ing  Mach 
number a t  s u b c r i t i c a l  Mach numbers and decreased with increasing Mach 
number at  Mach nmbers  g r e a t e r  than c r i t i c a l .  The separa t ion  a t  angle  
of a t t a c k  a t  s u b c r i t i c a l  Mach numbers w a s  apparently a low-speed s ta l l .  
Since Xeynolds number increased a l m o s t  d i r e c t l y  with Mach number i n  t he  
lower Mach number range ( see  f i g .  4), t h e  r e l a t i v e  importance of increas-  
ing Mach o r  Reynolds number i n  delaying separa t ion  could not  be estab-  
l i shed .  It i s  c l e a r ,  however, t h e  favorable e f f e c t  of increasing Mach 
and/or Reynolds number i n  delaying separat ion i n  the  s u b c r i t i c a l  range d i d  
not  e x i s t  a t  s u p e r c r i t i c a l  Mach numbers. 

Tests were made of t h e  I- = 4 model which w a s  expected t o  have a much 
Lower c r i t i c a l  Mach number than the  I- = 2 model. The r e s u l t s  showing 
t h e  effect ,  of Mach number a t  Oo angle of a t t ack  and the  e f f e c t  of angle 
of a t t a c k  a t  0.40 Mach nmber  are given i n  f i gu res  8 and 9 ,  respect ively.  
It is  evident  fmm both t h e  shadowgraphs and pressure d i s t r i b u t i o n s  of 
f i g u r e  8 t h a t  t he  flow was separated even a t  t h e  lowest Mach number of t h e  
t e s t ,  0.163, and therefore ,  the  c r i t i c a l  Mach number, i f  t h e  flow were 
a t tached ,  could not  be determined. An est imate  w a s  made of t h e  peak nega- 
t i v e  pressure  coe f f i c i en t  f o r  attached flow a t  a Mach number of 0.165 and 
Oo angle of a t t ack  by an extrapolat ion of t he  co r re l a t ion  of peak negative 
pressures  presented i n  reference 2, f i g u r e  2b. 
c o e f f i c i e n t  Tor a Mach nuiber  of 0.165 is -24 and t h i s  value numricnl l j r  
exceeds the  extrapolated value (estimated f o r  i = & )  by a f a c t o r  g r e a t e r  
t h m  5. Since it appears un l ike ly  the es t imate  would be of f  by such a 
Large f a c t o r ,  it vas concluded t h a t  if t h e  i ' l o ~ r  were at tzched it -,~o-dd be 
s u b c r i t i c d .  at  a Mach number of 0.165 but  tile peak pressure would be well 

The c y i t i c a l  pressure 

8 

.b above t h e  Separation Loundaiy shown i n  f i t u r e  -[. - 
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W f e c t  o f  Suction 

Pressure d i s t r i b u t i o n s  and shzdowgraphs showing the  e f f e c t  of suc t ion  
on flow separa t ion  Ere prcccnted i n  f i g u r e  10 Tor Iviach numbers from 0.60 
t o  0.94, Pressure d a t a  have been omitted f o r  c l a r i t y  where the  e f f e c t s  
were small. 
but  with suc t ion  holes  open; except f o r  a reduction i n  t he  peak negative 
pressure coe f f i c i en t ,  these  d a t a  were s imi la r  t o  pressure  d i s t r i b u t i o n s  
without suc t ion  holes  shown i n  f igure  10. 

Also not  shown a re  pressure d a t a  obtained without suc t ion  

It is  apparent from shadowgra2hs of f i g u r e  10 t h a t  if separat ion 
occurred, suc t ion  reduced the  extent of separated f low and the  r e su l t i ng  
shock p a t t e r n  w a s  more near ly  representat ive of t h a t  f o r  urxeparated flow. 
Moreover, t he  separa t ion  does not  appear per iodic  i n  na ture  and the  pres-  
ence of r ing  vo r t i ce s  i s  not apparent. The main e f f e c t  on the  pressure 
d i s t r i b u t i o n s  w a s  an increase i n  the peak negat ive pressure  c o e f f i c i e n t  
and, a t  h igher  Mach numbers, a b e t t e r  pressure recovery over  t he  f u l l  
l eng th  of t he  model. A t  Mach numbers of 0.90 and 0.94, t h e  pressure d i s -  
t r i b u t i o n s  ind ica t e  the  separated spacing of t he  hole  rows w a s  more 
e f f e c t i v e  i n  preventing separat ion than w a s  t he  adjacent  spacing. Since,  
a t  these  Mach numbers, t h e  mass flow r a t e  w a s  about the  same for both 
spacings of t h e  rows as shown i n  f igure  3, it was concluded t h a t  t he  
g r e a t e r  e f fec t iveness  of t he  separated spacing vas due t o  b e t t e r  d i s t r i b u -  
t i o n  of suct ion.  
bers  of 0.90 and 0.94, respect ively,  with suc t ion  show the  f low w a s  com- 
p l e t e l y  attached over  t h e  nose and t h e  forward p a r t  of t h e  c y l i n d r i c a l  
body but  t he  boundary l a y e r  thickened over the  a f t e rpo r t ion .  The thicken- 
ing i s  a t t r i b u t e d  t o  the  in te rac t ion  of t he  near ly  normal shock on the  
body with the  boundary l a y e r  and creates  an obl ique shock (d iscern ib le  
i n  t h e  corner  of the  window of f igure  lO(g) and i n t e r s e c t i n g  t h e  body 
behind the  window frame, presumably a t  about where t h e  boundary l a y e r  
f i rs t  thickens ) . 

The shadowgraphs of  f i g u r e s  lO(e) and lO(g) f o r  Mach num- 
. 

A t  a Mach num5er of 0.94 without suc t ion ,  t h e  flow separated a t  the  
nose-body juncture  and the  normal shock was  s l i g h t l y  forward of i t s  loca-  
t i o n  with suct ion ( s e e  f i g .  lO(g)). 
not indicated by t h e  pressure d i s t r i b u t i o n  a t  the  pos i t i on  of the  shock 
i r l  t h e  shadowgraph as w a s  the  case with suct ion.  
the  shock w a s  e x t e r i o r  t o  the  separated flow and formed a t  some d is tance  
from the  model, possibly as a concentration of weaker waves t h a t  emanated 
from the  separated flow. The shock does not  i n t e r s e c t  t h e  model surface 
t h r o a h  the  separated flow i n  f igure 1O(g)j it appears t o  because of the 
essent id- ly  nonm.l and three-dimensional nature  of the  shock. 

Also, a n  abrupt pressure r i s e  was 

From t h i s  it appears 

Suction applied a t  e i t h e r  spacing of t h e  hole  rows w a s  not capable 
of completely at taching the flow a t  0.80 Mach number but  marked changes 
a .the shock pa t t e rn  and higher  peak negative pressure  coef f ic ien ts  are 
evident as shown i n  f i gu res  1 O ( C )  and 10(d) ,  respect ively.  Whether the  - 



changes i n  t h e  flow were s u f f i c i e n t  t o  g ive  dynarnic s t a b i l i t y  ( see  
refs. 2 and 3 )  i s  not known but  at a Mach nwnber of 0.80, the  shocks * *  

u y r i a r n i c u i y  s ~ t t u i e  a t  tnls Macn nmoer. 

Corre la t ion  of B l u n t  Body Pressures  

Inv i sc id  transonic-flow theory,  a t  presenf,, i s  not  capable of 

I metric  bodies a t  t ransonic  Mach nmbers. The b lunt  models of t h i s  inves- 
t i g a t i o n  and reference 2 do not f u l f i l l  t h e  requirements s e t  f o r t h  i n  

I be properly approximated. With complete d i s r ega id  f o r  r i g o r ,  the  t ransonic  

2 J3 I- 

were se l ec t ed  as a bas i s  f o r  empirically c o r r e l a t i n g  t h e  peak negat ive 
pressure  c o e f f i c i e n t s  of the  models of t h i s  i nves t iga t ion  and those of' 

i d e n t i f i e d  as nose thickness  of the axisymmetric models and w a s  replaced 
by (I- + a)  with 

+ of angle of a t t ack .  

. reference 2. The thickness  r a t i o ,  T ,  of t h e  plane f low parcweters w a s  

a measured i n  radians i n  order  t o  account f o r  e f f e c t s  

Although j u s t i f i e d  s o l e l y  on the b a s i s  of expediency, p l aus ib l e  

plane flow s i m i l a r i t y  parameters was inf luenced by t h e  observation t h a t  

.A 
erably  g r e a t e r  than on pointed axisymmeti.ic bodies and a r e  perhaps more 
near ly  comparable t o  those f o r  plane flow. Also,  a c e r t a i n  equivalence 
exists between T and a s ince  increasing e i t h e r  T o r  a increased the  
m a x i m u m  negative pressure coef f ic ien t .  

.. su 

A p l o t  of t h e  peak negat ive pressure c o e f f i c i e n t  with at tached f low 

Data 

From t h i s  f i g u r e  sev- 

obtained f m m  t h i s  inves t iga t ion  and reference 2 i s  given i n  f i g u r e  11 
with t h e  modified plane flow s imi l a r i t y  parameters as coordinates.  
with suc t ion  appl ied a r e  also included for Mach numbers of 0.60, 0.90, 
and 0.94 s ince  t h e  flow w a s  essent ia l l j r  a t tached.  
e r &  i n t e r e s t i n g  observations can be m a d e .  
1-00, good c o r r e l a t i o n  w e s  obtained a t  angles of a t t a c k  from Oo t o  20° 
and m s e  thicknesses  of 112 and 1.0. 
high sLibsonic Mach mmbei-s ?or  these nose t h i c h e s s e s  a t  low angles oi 
a t t a c k  but  i s  poorer a t  high angles of a t t a c k .  
th ickness  of 2.0, t he  da t a  do not cor re la te  with the  da t a  for models 

For  Mach numbers g r e a t e r  than 

Good mi- re l a t ion  d s o  e x i s t s  a t  

However, for a nose 
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the  absence of' separa t ion ,  t he  flow over an oblate-nosed model may 

noted f o r  a l l  these  data n t  MRch nmbers near 1 .OO t h a t  t h c  Tvrariatlon 

of 

. d i f f e r  b a s i c a l l y  from t h a t  over a less b lun t  model. It should be 

1 - M2 
WEFS l i r , ea r  m d  had t he  

[(Y + 1)~~]~:3 C-onax with 
(7-  + a)2/3 [(-,- + + ~)M~I'/~ 

same s lope f o r  a l l  nose thicknesses. 

Also, f o r  all nose thicknesses ,  t h e  peak negat ive value of 
[(y + 1 ) ~ ~ ] ~ ~ ~  

w a s  about 1 .4 .  Fo r  nose thicknesses  of 1.0 o r  l e s s ,  

the  peak occurred a t  a value of 1 - M2 of  about 0.2, thus 
[ ( T  + a)(?' + 1)M2]z'3 

affording a rapid approximate estimate of t he  riiaximu?l negative value of 
If t h e  nose CPmm 

thickness  was  g r e a t e r  than 1.0, in te rpola t ion  o r  ex t rapola t ion  i s  required 
f o r  a spec i f i ed  nose thickness and angle of a t t ack .  

1 - M' 
t o  determine a t  what value of 

(see f i g .  11). 

t h e  peak occurred 
[ ( T  + a)(Y + l )M']2 '3  

+ 
Angle of At t ack  f o r  Separation 

An empir ical  method of estimating t h e  angle of a t t a c k  f o r  separat ion 
of e l l ipsoidal-nosed cy l inder - f la re  models a t  t ransonic  Mach numbers is 
derived in  t h e  appendix. 

1.0 a id  f i t t i n g  a power curve to separat ion boundarLes. 
presented i n  f igu re  12,  show t h e  va r i a t ion  with Mach number of angle of 
a t t ack  f o r  separat ion normalized with respect  t o  nose thickness .  Shown 
for comparison are angles of a t tack  f o r  separa t ion  determined from the 
?itching-moment d a t a  of references 1 and 2- 
values determined from the  pitching-moment d a t a  q r e e  with the  empirical  
es t imate .  The general ly  lower values of t he  experimental. d a t a  a t  Mach 
nwiibers near 1.1 are  believed due to  t h e  r e f l e c t i o n  of dis turbances from 
the tanriel LBUS s t r i k i n g  the  model as discussed i n  reference 1. 
Reynolds nxnber i s  en important p a l m e t e r  i n  the  t ransonic  separat ion 
phenomena, the  r e s u l t s  a r e  believed appl icable  mainly f o r  Reynolds numbers 
syproxirnating those of' t h i s  investigation. 
w e l t  EE t he  da ta  of reference 2 indicate  the  results may not  apply- t,o 
confiLqrntions having longcr f l a r e s  o r  Gther f la re  angles.  

The method i s  based on t h e  l i n e a r  r e l a t i o n  e x i s t -  
ing between the  s i m i l a r i t y  parameters of f i g u r e  11 f o r  Mach numbers near 

%. ~ 

The r e s u l t s ,  

I n  general ,  t he  experimental 

Since 

Moreover, unpublished d a t a  as 
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CONCLUDIXG ITEMARKS 

Tes ts  of  ob la t e  e l l i p so ldd -nosed  cy l inder - f la re  models have shown 
t h a t  separa t ion  of t h e  flow may o c c w  a t  subcritical Mach nmbers  a t  0' 
angle  of a t t a c k  i f  the  nose i s  s u f f i c i e n t l y  blunt .  Although decreasing 
nose b luntness  e l iminated s u b c r i t i c a l  separat ion,  t h e  formation of l o c a l  
shocks induced separa t ion  at s u p e r c r i t i c a l  Mach numbers f o r  the  l e s s  b lun t  
model t es ted .  The appl ica t ion  of a small amount o f  suc t ion  l o c a l l y  near  
t h e  nose-body juncture w a s  capable of con t ro l l i ng  t h e  boundary layer 
s u f f i c i e n t l y  t o  prevent shock-induced separa t ion  a t  Mach numbers g r e a t e r  
than about 0 . 9 .  
number of  0.80, s i g n i f i c a n t  changes i n  t h e  shock p a t t e r n  and pressure  
d i s t r i b u t i o n  were observed. 

A 
3 
3 
i 

Although suction d i d  not  prevent separa t ion  a t  a Mach 

Peak negat ive pressure coef f ic ien ts  o f  t h e  models having a t tached  
flow were empir ica l ly  co r re l a t ed  a t  Mach numbers near  1 .0  with the  plane 
flow t ransonic  s imi la r i ty  parameters a6 coordinates .  With t h e  a id  of 
experimental separa t ion  boundaries obtained from peak negat ive pressure  
coe f f i c i en t s  t he  co r re l a t ion  allowed an estimate t o  be made c f  t h e  angle 
of a t t a c k  f o r  t ransonic  flow separat ion.  

- .  
Ames Research Center 

Rat ional  Aeronautics and Space A.dministration 
c Moffett Field,  Cal i f . ,  March 3, 1961 
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. 
ESTINATION OF ANGLE OF ATTACK FOR SEF'ARATION 

A procedure f o r  es t imat ing the angle of a t t a c k  f o r  separa t ion  of 
e l l ipsoidal-nosed cy l inder - f la re  models a t  t ransonic  Mach numbers w a s  
developed by empir ical ly  f i t t i r i g  a power curve t o  separa t ion  boundaries. 
The separa t ion  boundaries were determined experimentally from pressure  
d i s t r i b u t i o n s  of t h i s  inves t iga t ion  and reference 2 and represent  t h e  
peak negat ive pressure coe f f i c i en t  t h a t  can be achieved by increas ing  the  
angle of a t t ack  before  f low separation ensues. Since the  s lope of t h e  
boundary was always l e s s  than the  curves represent ing the  v a r i a t i o n  of 

t h e  i n t e r s e c t i o n  of t he  boundary with the  curves of 
determines the  angle of a t t a c k  f o r  t ransonic  separat ion.  

a t  constant  angle of a t tack  with Mach number as shown by sketch ( b ) ,  CP,, 
C h a x  uniquely 

M 
Sketch ( b )  

The co r re l a t ion  of Cpma presented i n  f i g u r e  11 provides an 
expression f o r  C h a x  as a function of M, a ,  and T within the  Mach 

number and angle-of-attack range of  i n t e r e s t .  If Cp,, i s  assurncd neg- 
ative, the  1' e a r  por t ion  of t h e  curves of f i g u r e  11 i s :  9 

2 1/3 

(7  + = m  [ + ~ 1 ) $ p 3  - a ] + b  (1) 
C h a x [ ( Y  + O M  3 

The s lope,  m, and in t e rcep t ,  b y  have t h e  values 1.43 and 1.12, respec- 
t i v e l y ,  while allows f o r  t h e  hor izonta l  displacement of t h e  curves 
for 
for thicknesses of 2.0, a = 0.18. 

a 
T = 2 and T = l / 2  and 1. For nose thiclmess of 1/2 and 1.0, a = 0; 
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c -  

. 

The separat ion boundary was approximately represented by t h e  curve 

where C * w a s  t he  value of Cp, f o r  M = 1.0. The values of Cps* f o r  

models having nose th i c -hesses  of 1 and 2 were 0.90 and 1-07, respec t ive ly  
( see  r e f .  2, f i g .  2 k ) .  
with t h e  curves of 

PS 

A t  t h e  i n t e r s e c t i o n  of t h e  separa t ion  boundary 
Cp,, (sketch ( b ) )  

Af te r  s u b s t i t u t i o n  and algebraic manipulation, as normalized with respec t  
t o  T is given by 

'. 
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Dimensions in inches 16.5O 
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20  

( a )  7 = 2 oblate-nosed cylinder-flore model ( r e f . 2 ) .  

X = 1.140 
22.776 : rn 

I 

t r  

I 
( b )  T = 4  oblate-nosed model  

\ 

-7.092 4 

1 
16.5" 

T 
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0 nJ - e .  
rr) - 

Figure 1.- Dimensional d e t a i l s  of the  models. 
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Figure 3.- Air mass flow rates of the wind tunnel and the T = 2 model 
with suction. 
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Figure 4.- Reynolds number range of t h e  t e s t s .  
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7. -  Variation of maximum negative pressure coefficient of the 
T = 2 liiodel with Mach number. 
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( b )  Pressure d i s t r ibu t ion ,  a = Oo. 

Figure 8. - Concluded. 
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Figure 10.- Continued. 
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Figure 12 .- Angle of a t t a c k  f o r  separa t ion  of e l l ipsoidal-nosed cyl inder-  
f la re  models. 
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